Three recorabinant plasmids containing randomly sheared genomic D.melanogaster tRNAs have been identified and characterized in detail. One of these, the plasmid 14C4, has a D.melanogaster (Dm) DNA segment of 18 kb, and has three tRNA_ and two tRNA AsN genes. The second plasmid, 38B10, has tRNA HiS genes, while the third plasmid, 63H5, contains coding sequences for tRNA . The Dm DNA segments in each recombinant plasmid are derived from unique cytogenetic loci. 14C4 is from 84 F, 38B10 is from 48 F and 63H5 is from 70 A.
INTRODUCTION
Redundant genes are found in many different organisms from prokaryotes such as E.coli to virtually all higher eukaryotes (1) (2) (3) . Since these genes typically code for components of the protein synthesis machinery or for proteins involved in the assembly of DNA into chromatin, it is evident that gene reiteration provides an efficient mechanism for supplying large quantities of critical products. In this case, it is clearly important that the functional integrity of these genes be maintained.
Indeed, studies on various types of redundant genes have shown that the nucleotide sequence is highly conserved within and even between species (1, (3) (4) (5) (6) (7) . In this respect, it may be significant that these redundant genes are often arranged in extensive arrays of tandemly repeated units which are composed of the gene sequence plus adjacent spacer, and a number of different mechanisms have been proposed for the maintenance of se-quence homogeneity within these gene clusters (1, 3, (6) (7) (8) (9) . This type of sequence arrangement has been found in D.melanoqaster, and recent studies have shown that the 5S RNA genes, the rRNA genes and the histone genes are all arranged in tandemly repeated units which are found clustered at specific cytogenetic loci in the D.melanogaster genome (10-12, 3, 5) .
The sequence coding for D.melanogaster tRNAs are also repeated and it has been estimated that there are 600-750 tRNA genes (13, 14) . Since there are approximately 60 different tRNA families, it is expected that there are on the average between 10-13 coding sequences for each tRNA species. This average figure is, however, considerably lower than, for example, the 160 repeats of the D.melanogaster 5S RNA gene. In addition to a difference in gene number, the arrangement of the redundant tRNA genes in the P.melanoqaster genome appears to be unlike that of the 5S RNA, rRNA or histone genes. While there appear to be clusters of tRNA genes, these clusters are distributed at many cytogenetic loci throughout the D.melanogaster genome and often contain coding sequences for more than one type of tRNA (15) (16) (17) (18) (19) (20) (21) (22) (23) . These results would suggest that the underlying factors determining the organization of tRNA genes, and the mechanisms ensuring their conservation may differ from those involved with tandemly repeated D.melanogaster genes. As the first step in a detailed analysis of the arrangement, structure and expression of D-melanogaster tRNA genes, we report here the isolation and characterization of three genomic D.melanoqaster hybrid plasmids which contain tRNA coding sequences.
MATERIALS AND METHODS
Isolation of tRNA: Transfer RNA was isolated from Drosophila melanogaster (Oregon) flies of mixed age according to the procedure of Kirby (24) . The high molecular weight RNAs were either salt precipitated or removed by DEAE-cellulose chromatography (25, 26) . The low molecular weight RNAs were further fractionated on a Sephadex G-100 column and the tRNA peak precipitated with ethanol (27 Reversed-phase chromatography: The RPC-5 system of Kelmers and Heatherly (36) was used. The tRNAs were fractionated on a 0.7x46 cm high performance column at 37°C with a 200 ml NaCl gradient (0.5-0.8M NaCl; 1OmM Na-acetate, pH 4.5; 1OmM MgCl 2 ; 1mM 2-mercaptoethanol). One ml fractions were collected at a flow rate of 1 ml/min. The samples were counted in a Packard liquid scintillation counter.
In situ hybridization: In situ hybridization of nick-trans-lated plasmid DNA was performed essentially as described in (10) For non-stringent hybridization, the temperature was reduced to 58°C and the salt increased to 5xSSC. Figs. 2a and 2d) . The relative yield of the major spots, 5 and 6, is 3:2 suggesting that 14C4 may contain three genes for the first type of tRNA and two genes for the second. Since the yield of spot 7 was less than 1 (app. 0.1) even when the hybridization was performed at a four times higher R t value (see materials and methods), it is probable that this spot corresponds to a minor isoacceptor of one of the two 14C4 tRNAs. In this case, it would differ in nucleotide modification rather than in actual sequence.
RESULTS
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We have performed a number of experiments to further characterize the tRNAs complementary to each cloned Dm DNA segment.
In the first experiment the tRNA species migrating with spots 1, 4, 5, and 6 were eluted from several preparative 2-dimensional gels and tested for aminoacylation with all 20 amino acids. These studies, which are presented in if this is the case. Finally, the plasmid 63H5 was found to code for tRNA Asp . Since the 63H5 Dm DNA insert is quite small, the cytogenetic locus, 7 0A, from which this plasmid is derived may contain coding sequences for tRNAs in addition to tRNA_ ^.
To investigate this possibility further, we are now isolating additional Dm DNA recombinants which are derived from the 7 0A
locus.
